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NOJABJIEHHUE PAZUHAITHOHHOI'O PACITYXAHHS MEH,

JETHPOBAHHO! UTTPUEM, 3A CYET 3®GEKTA YCHJIEHHSA PEKOMBHHAIIN

PATHAIIMOHHBIX JEPEKTOB HA IIPHMECHBIX KOMILNIEKCAX

H.B. Kamsuuaruenro, HA. benenxo
r. benropon, Besmopoackuii rocyIapCTBeHHbIN YHUBEPCHTET
H.M. Hexniooos, B.H, Boesodun
r. Xapexos, HHLI «XapbkoBckuil pu3HKO-TEXHAYSCKHH HHCTHTYT

Hucman medb U €¢ CRAasH HAXOORM WUPOKOE HCHONBIOEARNE 8 INEKIPONHON, YCKOPUMERbHO,
INEKMPOSAKYYMRON U dpyelx ompacaax mexuury. Boicoxue 3nexmpo- 1 menionposodHocms medu
REARIONICA OCHOBHBIM MPEUMPHECMBOM cPedu Opyaux mamepuanoe. B nocrednee gpems ocobuiil
UHMEpeC K MEOU U €e CRRABAM GUIHUK 8 CBA3N  NEPCREKMYUBHOCMBIO UY HCHONbIOBAHUR 8 KAYECH-
ee mamepuanoe mepmondeprozo peaxmopa [1]. Uenvio nacmonuwezo uccredosanus 6uiro uzre-
nue paduayuonkoil cmotixocmu cniaga Medb-ummputi, 0ORAOAIOUEZO SHICOKUME INCKMPULLCKIU-
MU U npovHOCMEbBIMU ceolicmean [2]. Yemanosnenw sasucumocmu cmenenu paduayuonnozo
PACHYXAHUR MUKDOREZUPOAAHKOH MeOU om 003bi ee OBRYNEHUR BLICOKOINEDEMUNHOIMU HORAMU
Cr, ROKA3HBAIONGUE, YINO 3G CHEM YMEHDILEHUR NEPECHIEHHOCMY O padtuayronbiym dedexman
(8credcmeue yourenus ux peKoMOUHAYUU HA NPUMECHBIX KOMRMIEKCAX) umeem mecmo fgexm
ROAROZ0 NOCABACHUR PROUAYHONHO20 DACNYXAHUR Medu anrome 0o dozut obmyyenun 40 cmeugenuil

HA aMoM (C.H.a) NP ONMUMARBROT GERUNUNE KORYERMPAYUU MUKDOREZUPYIoOW el dobasky.

Beenenne. K Hanbonee wunTepecHsm™M M
CIOKHEIM (PH3MYECKUM SIBJICHHAM, CYLHECTBEHHO
OTpaHHYMBAOUIAM  PabOTOCTIOCOGHOCTh KOHCT-
PYKIMOHHBIX MAaTepHaJIOB, OTHOCUTCS pagHamu-
OBHOE pacllyXaHHe — YBeNHYeHHe o0beMa H
YMEHBIICHHE MIOTHOCTH ofJiydaeMoro Matepua-
12 3a cyer ofpasoBanyd M pocTa MHOTOYMCIICH-
HbIX BAKAHCHWOHHBIX H ra’oBeIx nop. Mabwitox
pakaHCHii B oOnydacMOM Marepualie BO3HHKAET
H3-33 HEPABCHCTBAa CHMI B3AHMOACHCTBHS MEXY-
%TBHBIX aTOMOB M BakaHCHH ¢ gedexTaMu Kpn-
CTAINIHYECKOTO CTPOEHHA, B YaCTHOCTH ¢ AWCIIO-
KalBsAMU.

HrTepec k ABJICHAIO pagMaudOHHOrO pacmy-
X8HUA OOBACHAETCA ONMAcCHOCTHIO TOCICHCTBHM,
00yCTOBICHHBIX H3MCHEHHEM IeOMCTPHYECKHX
PaIMCPOB M CBOHCTB 3NIEMEHTOB KOHCTPYKHUM
SKTHBHOM 30HEI ATOMHBIX peakTopoB. OTKpBITUE
ARICHHSA pafHAIIHOHHOTO PaclyXaHus 3aCTABUIIC
IEPeCMOTPETE CPOKH CO3AaHHA HOBBIX KOHCT-
PYKUMOHHBIX MATEPHANIOB, PEXUMBI JKCIUTyaTa-
IHA peakTopoB. Kpome Toro, HccienoBaHUs pa-
HHAHOHHOIO PACHYXaHUs MO3BONAIOT HOLYUHMTE
mHpopMaLHio 0 B3aUMOIEHCTBHA TOYEYHEBIX Oe-
$eKTOB ¢ JHCIIOKAHAMH, NMPHMECAMH, IIOPaMH,
KOTEPEHTHBIMM ¥ HEKOT€PCHTHEIMU TPAHHILIAMH,
0 TepepacnpenciieHHM TOUYEUHBIX AE(PEKTOB B
Ione OZHOPOIHO H HEOAHOPOAHO pacHpeiieH-
HHIX CTOKOB pasau4HOH »pPeKTHBHOCTH.

OmHHM K3 ITEPCNEKTUBHBIX cnocoboB NOBbI-
MeHHs pagHaUHOHHOH CTOHKOCTH KOHCTpPYKIIH-
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OHHBIX MATEPHANOBR ANCPHOH SHEPreTHKH B
HacTOslliee BpeMA ABJISIETCS MHUAKPOJCTUPO-
BaHue [3]. YcranoBnero, uro noGaBku pej-
KO3EMEJIBHBIX 3NEMEHTOB [4] 3HAYHTEeNLHO
AOHMKAIOT BaKaHCHOHHOE paclyxaHHe Ma-
TEPHAIIOB.

Mar¢pranbt n meroauka. B xadecrtse
fa3oBoro mareprana Owila McHONB3OBaHA
Melb, BEIJIaB/CHHAs B BaKyyMHOH JJeK-
TPOHHOIYYCBOH Iteym, 4yuctoTol 99,99 %.
Jlerupopanne HPOBOAWIOCE BO BpeMs MH-
HykuuoHHOH mnaBky. KouneHtpauus wur-
phs coctasiana 0,01 ¢ 0,02 sec.%.

JAns  nccnaenoBaHHA — pagdalMOHHOTO
pacnyxandss oOpasget udcrod (MB3) u
MuKponerupoparHoli meau (MMB), mpen-
BAPHTEALHO medopmupobarnele Ha 50% n
oToxckeHHbIe Mpy 800 °C B TeucHue 30 MuH,
o0iydJasuch HOHaMM XpoMa ¢ 3JHepraeit
2 Mbd3B nopu remneparype 380°C mHa
yckopurene HHL X@TH "VTH-2". dmoenc
HOHOB OBUI MOCTOAHHBIM B Tpouecce oOiy-
yeHns u cocrapnsn 2-10" uon/(mz—c). Hnre-
rpajbHas 30Ha H3MEHAIACE B HHTEpBaje
1-100 cmenieHu# Ha aToM.

JiA BHISBNCHHS OCHOBHHIX 3TECMEHTOB
TOHKOH CyOCTPYKTYPBL MCHONB3OBAIM eK-
TpoHHEIA MUKpockon EM-100 CX. Obpazngl
IS 3NEKTPOHHO-MRKPOCKOTIHYSCKHX HCce-
JoBaHmH npexcTasnany coboil auckn aua-
METPOM 3 MM, BBIpE3agHbIC H3 JICHT TOALUM-
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Puc 1 [Jozoas 3aBUCUMOCTb pasnaiHOHHOIO
pacnyxanua mean MBDO (1), Seckucnoponsoi Meau
(2) n Meau, MHKpONErUpoBaHHOM WrTpyeM (3, 4)

How (1,2 MM. TloaroToBky 06pazioB K HPOCMOTpY B
3MEKTPOHHOM MHKPOCKOIIE [IPOBOIIN © IIOMOILEIO
YCTAaHOBKR CTPYHHOH 3rnexTpoitoanposkn "Muk-
poH-2" B aneKTponuTe u3 96% yKcycHON KHCAOTEI €
Jobaskamu CrQ; pu Hanpsixentu 25 B.

PesynbTatnl wcenegopanmii. Mz prac. 1 n 2
BHJTHO, UTO YK npH oOmyueHuy a0 Ao3el 20 c.ra
obpasbl yucrolt mead (MBD) pacniyxanu wa 10%
(kpuBast 1). AHANOTHYHbI PE3yALTAT [OY4YEH Jpy-
FUMY aBTOopamit nng beckucnopoanoil mema (M06)
[5] (puc.l, xpusas 2). Pacmyxanve MHKpoaerupo-
BaHHOH MemH TIpH TeX ke YCIOBUSX OO0MyueHHS
IpakTuyecky He Habmonaerces BIUoTh A0 40 cHa u
cocrapnser we Oosee 3% npu gose 90-100 cna
{kpuBble 3, 4, puc. 1).

ONEKTPOHHOMMKPOCKOIIHYECKHE HUCCIIEJ0Ba-
HHS cTPYyKTYypHO-(azoBOro cocrosHus ucxoaroi
yucroit Megn (MB3), meaun MB3 u MMB, nocne
obnydenus 10 mo3mt 20 c.H.a (pHc.2), moxasanu
Haju4ne B o0JyYeHHOH JUCTOH MeAN nop paiMe-
pom 50-100 A (puc. 2, a).

ObGcyxaenne pe3yabTaToB. OcrosHbIe Me-
XaHH3MBI M NyTH OCHabIeHHA PagallHOHHOTO
pacnyxaHus KOHCTPYKIHMOHHLIX  MaTEpHAJIOB
NPEUMYIECTBCHHO CBA3BIBAIOT € NECHPOBAHKEM
TBEP/IbIX PACTBOPOB NPHMECAMH, BHI3BIBAIOMIMMH
3HAYHTEALHYI0 JUAATAUUI0  KPHCTaMM4eckoi
peweTku [6]. B 32BHCHMOCTH OT 3HAKA H CTENECHH
HECOOTBETCTBHA ATOMHBIX paJAMYCOB JIETHPYIO-
IIEre 3MEMEHTa W MaTpPHIIBI BOKPYI NpHMeced
0Bpa3yIOTC CKATHIC HIAH PAcTAHYTBIE 00/MaCTH.
[lpu 5TOM JICTHPYIOMIME NMEMEHTHL C MallbIM pa-
aaycom {Si, Be, B) cBA3BBaOTCA NpeHMYLIECT-
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BEHHO ¢ MEXY3CAbHbLIMH aTOMaMy, a aTOMBbl
¢ donpuuM pagaycom (Al, Ti, Mo) - ¢ Ba-
KaHcuaAMu. Ocnabnenne pachiyxanus IpH
3TOM OOBICHACTCA 3aJEPXKKON pa3HoNMeH-
HBIX TOYEYHBIX DaJUAllHOHHBIX Ae(EKTOB,
BCJIEACTBHE YETO MPEI0TBPAIACTCS HX YXOX
Ha CTOKH H MOBBINIAETCA BEPOATHOCTL HX
PEKOMOVHALHH [IPH BCTpEUe.

Puc 2 Mukpocrpykrypa Mmean a - MB3D
8 MCXOAHOM cocToauuy, 6 - {MB3) u s (MMB)
—~ nocne obnydeHus, o3z 20 ¢ v a (x500 000)
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Puc. 3. 3aBHcHMOCTD NMapameTpa NOAABNEHHA
PacOyXaHHA 1| OT PasMEPHOTO HECOOTBETCTBHA
ATOMHBIX pAmHYyCOB NPHMECH H MeTanna 1,/ ro.

O6pasoBaHHe Yy OHCIOKALMYM [IPHMECHBIX
atMocdep W CHIDKEHHe >Heprud Jedekta yma-
KOBKM IIPH NETHPOBAaHUH COMNPOBOKIACTCHA pe-
nakcanueH ynpyrmx HalpsDKCHut BOKDYr HHX H
YMEHbIlleHHeM 3(deKra MpeamoITeHHs B3aHMO-
BefiCTBHS ¢ MEXY3eNbHEIMH aTOMAMH, YTO MOXKET
cnocoGCTBOBATE YCHIICHHMIO PeKOMOHHALIMH pa3-
HOMMEHHBIX TOYeYHBIX JIeheKTOB.

HabnronaeMoe cHIXCHHE CTENEHH pagMaii-
OHHOTO PpacHyXaHWst MUKPOJEerupoBaHHON HT-
TPUEM MeOH CBA3AHO C YMEHBINEHHEM IIepechi-
LIEHHOCTH N0 PaJMallHOHHBIM Ae(eKTaM BCe-
CTBHE YCHJICHHA peKOMOHHAIMY BaKaHCHIt W
MEXIOY3MHUl Ha NPUMECHBIX KOMIUIEKCaX &TOM
MeIH — aTOM MTTPHA.

Panee MeTonOM MaTeMaTHYECKOTO MOZENH-
posanus Oputo TOKasaHO [7], uTo BBeneHue B
marepuasl aroMoB P3M c¢ GonbmimMm aToMHBIM
pagHycoM YBENMYKBaeT 3PQeKTHBHOCTE peKoM-
OuHanuu JepeKTOB M MOXET NPHUBOIHTH K
YMEHBIICHHIO PaJHAlHOHHON IMOBPEXKIAEMOCTH
Marepuana. B pocratouHo y3koM HHTEpBane oT-
HOLOCHANX aTOMHBIX paaxycob (~1,18) mpoucxo-
IOHT CUIbHOE IOAABCHUE CKOPOCTH PacIyXaHHs
n=8,/8,, rne §,, S,;- crkopocts pacmyxa-
HAA MEeTaITa ¢ IpUMECHIO U Ge3 Hee (puc. 3).

is Menu H UTTpHS OTHOWUIEHAC ATOMHEIX pa-
muycoB pasHO 1,42 (rycuy=0,127 HM, ryv=0,181
HM). Taxum o6pa3oM, COOTHOLIEHHE PAfUyCOB )i
Hapero caydasi (JAKTHYECKH COOTBCTCTBYET IIpa-
BoM 0ONMacTH yuacTka kpHBO# (puc. 3), TO ecThb
BBSIICHHE MTTPUS B MCAD NPUBOJMT K CHIBHOMY
NOABNEHNIO CKOPOCTH PaclyXaHHs MHKPOJIETH-
POBAHHOHN MeaM.

Tax kaK panuallMOHHOE paclyXaHHe CBI3AHO
B OCHOBHOM ¢ H30BITKOM BakaHcHii B ofmyudae-
MOM MaTepuane, TO HaIR4YHe B MEJH ATOMOB HT-
TpHS, KOTOpHIE ABNAIOTCA JIOBYDIKAMH [UTA BaKaH-
cuit [8], yBenmumBaeT CKOpOCTh B3aUMHOH pe-
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KOMOMHALIUH PasHOHMEHHEIX TOMEYHBIX pa-
AUAHOHHEIX JAS(EeKTOB, YIC NPHBOIYMT K
OOAABICHUIO PAIUAUMOHHOTO PpacIlyXaHus
MHUKpOJIerHpoBanHol MeH.

CornacHo KOHUENNMH, TNpelIOKEHRON
A M. INapomuemM, .M. HexmonposeM, A H.
OpinoseM [9], B Iponecce pacnana TBepaoOro
pacTBOpa 0Opa3syloTCS YNPYrOHCKAXKESHHBIC
pPacTAHYTEIE M CXKATBIC 00JacTH Ha IpaHUIE
pasjiena npeABBLACACHHE — Marpulla. OTH
MeCTa IPeANoYTHTENbHEE T HallpaBleHHOH
Arddysnr u nociaexywied pexoMOHHADAH
nonspeix aedexto, Takrm obpaszom,
TBEPARIC PacTBOPbI 00NARAIOT CBOHCTBAME
YCHAMBATh IpPOLECCH peKOMOHHALMM pase
HOHMEHHBIX Ne(CKTOB NpH HAJNNTUM OINpe-
JENeHHOro pa3sMEpHOro HECOOTBETCTBHA Ha
TPaHHIIe pasfena "nipeapbiieeHAe — MaTpH-
Ha", TO ecTh MOJABNCHHE DAJUAI[HOHHOTO
pacniyxaumns oObsAcHAeTcA ofpazoBanueM
HCTOUHUKOB o0BeMHoM [unaramns — Qa3
BHEIPCHHA.

B npencrasnennoit pabore paccMarpn-
BAlOTCA BOIpOCH: NopasieHud >doexra pa-
HUALIMOHHOTO PAaCHyXaHHA 3a CYeT JIETHpo-
BaHMA MeJH aTOMaMi NpHUMecH ¢ GOMbIIUM
ATOMHBEIM PagHyCOM, TO €CTh IOBBILICHHE
PAXHAIHOHHOH CTORKOCTH MeaH 00BACHACT-
¢l HANWYHEM JIOBYLIEK BaKaHCHI, KOTOPBIMH
B TBEpIOM pPacTBOpe ABJAIOTCA aTOMbl HT-
Tpus. EcTecTBeHHO, KOTZa TIpH KOHLIEHTpa-
LIMAX UTTPHA, MPEBHIUAIOIIMX PaBHOBECHY1O,
TIOABIAIOTCA NIPEABLIZENCHU BTOpoil (azsl,
HadMHaroT paboTaTh 062 MexaHu3Ma.

WaMmeHeHHS paawanroHHON CTOHKOCTH
METAIUIOB H CIJTAaBOB IIPM BBEASHHH B TBEP-
Abilt pacTBOP aTOMOB JNETHPYIOLIHX A00aBoK
OTIpeHeNAeTCA HX BIMAHHEM Ha CleAyIomne
OCHOBHEIC B3aHMOCBA32HHBIC MPOLECCH NPH
obny4eHnu:

- CKOpOCTE JedpexrTooOpazoBannd H
3 beKTHBHOCTE peKOMOUHAIH H aHHHIH-
JIALIHA BAaKaHCHH H MEKy3/ni,;

- B3aEMOJCHCTBHE NCIHPYIOUIMX 3Je¢-
MCHTOB € BaKaHCHAMH, MEXY3JIHAMHM, aro-
Mam¥ rasoB K Ipyrux npuMeceii;

- pacTBOPUMOCT: H  AUQGY3HOHHYIO
MOJIBHKHOCTE aTOMOB [IPUMECH H 2NIEMEHTOB
OCHOBEI,

- MUCIIOKaLIMOHBYIO CTPYKTYPY H Xapak-
TEpHUCTHKH AHUCIOKAIIHE,



- ha30ByI0 CTAOMNBHOCTE WM OCOGEHHOCTH
pacnaja TBEpAOTO PacTBopa;

~ COCTOsIHUE TPAHHMI| pa3fieia.

Ilockomeky P33 aBnMioTcs XMMHYECKH ak-
THBHEIMH M MaNOpacCTBOPHMBIMH JNIEMEHTAMH B
TBEPAOM PacTBOpEe METAIUIOB M CILIABOB, TO NIPH
o0ny4eHHH OnM B pasHoH CTemenH OKa3LIBAIOT
BIHSHUE MpPAKTMYECKH HAa BCE NEPedHCIICHHbIE
npouecch [4].

Beisoabi. 1. H3yueno Bimsane MuKpopoGa-
Box wrrpus (0,01-0,02 Bec.%) Ha pamuauBoHHOES
pacnyxauue Mea. Hlokazano, 4yTo MEKpoAOGaBKU
HTIPHA TIPHBOAST K IIONABICHHIO Pa/MallHOHHO-
T0 pacnyxaHud MexH Ko 1036l 40 ¢.H.4, B TO Bpe-
Ms KaK Uil YBCTOH MeIM BeIM4WHa pacnyXaHus
npu go3e 20 c¢.H.a nocturaer 10%,

2. TlonaBaenye pagHaLHOHHOIO paciiyXa-
HHA MUKPOJICTHPOBAHHOM MeAM CBS3aHO C
YMEHBLICHASM NEPEeCHINEHHOCTH MO pagualu-
OHHEIM JedeKTaM BCICACTBAEC YCHICHHA pe-
KOMOWHAKH BakaHCHE H Mexy3mui Ha npH-
MECHBIX KOMIlJIEKCaX.

3. Ilomydenushic OAHHLIC O MOBBILEHHH pa-
THAUHOHHON CTOMKOCTH MHKpPONErHpOBaHHON
UTTPUEM MEOH YKa3hiBalOT Ha BO3MOYKHOCTE €€
UCIONB30BAHMA B KayecTBe KOHCTPYKLIMOHHOTO
MaTepHasla y3l0B TEPMOSAEPHBIX YCTAHOBOK.
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OCOBEHHOCTH 3BOJIIOTIAH
JACJTIOKAIHOHHO! CTPYKTYPBI
B CAMOOPTAHU3YIONNXCHA MATEPHAJIAX

B.B. Bpuix, H.M. Hexnioooe
r. Xapexos, HOTTMT HHI] «Xapexobckuli H3HKO-TCXHAYCCKHMI HHCTHTYT»

Beeaenne. BaKHOCTE BOIPOCA O 3aKOHO-
MEPHOCTAX  DBOJIOUMH  AHCIOKALHOHHOM
CTPYKTYPH CBs3aHa ¢ TOH poOnblO, KOTOPYHO
HUTPaloT AHCIOKALHK B Tpoueccax Aerpajanuu
CBOMiCTE MaTepHalOB mNpH ofiydyeHnd. 3a
40 ner UHTEHCHBHOTO M3YYEHHA ITOTO BOIIPOCa
HakonieH Goapmoii o0beM 3HaHHM, Kacaro-
MXca 00pa3oBaHuA SUCHOKAIHOHKLIX NETENb,
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HX 3BOJIONHM B BIMAHHSA HCXOMHBIX AUCIOKa-
UHA Ha SBOJIOLWIO pasBHBANOWCHCA IHCIOKa-
IMOHHOH CTPYKTYPH Noa obnydyeHueM. B ne-
JIOM CYIIECTBYET MORMHMAHHE IPOHECCOB, NIPH-
BOMAIIMX K H3MEHEHHIO JOHCIOKAaNUOHHOH
CTPYKTYPHl B MHCTBIX MCTAlIax, CijaBax K
CTaMAX. YCTAHOBJEHBI 3Tallbl BOJIONMHH JHC-
AOKAIMOHHAOH CTPYKTYpPHI, ONpPENCICHBl THIbI



